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Abstract ：A method for multi-residues detection of organochlorine, pyrethroid, and organophosphorus pesticide residues has
been developed, in which a capillary gas cheomatography system with dual-injector, dual-column, single temperature-pro-
grammed oven, and dual-detector was used to separate and assay the residues in Chinese tea samples. The analytical performance
of this method shows preferential merits,  such as precision,  high standard spiked recovery and limits of determination.
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用 H P L C 分离、紫外检测器( U V D，D A D )测定；而色
谱与质谱检测器(MSD)的联用[10-11]主要是对多种农药组分
进行快速筛选或确认。一般情况下，实验室通常是一


























Agilent-6890气相色谱仪    美国Agilent Technologies
公司；配电子捕获检测器(μECD)磷型火焰光度检测器
(FPD)；Agilent-7683自动液体进样器    美国Agilent Tech-
nologies公司；水浴恒温振荡器    常州国华电器有限公
司；固相萃取真空装置    美国Supelco公司；家用食品
粉碎机；Turbo Vap II样品快速浓缩工作站    美国Caliper
公 司 。
正己烷、石油醚、丙酮、乙酸乙酯均为色谱纯    美
国Tedia公司；氟罗里硅土    美国Supelco公司，经灼
烧和活化处理[23]；活性碳为化学纯，经酸洗和烘干等处
理后[24]备用。




R&H公司(Laborchemikalien GmbH & Co. KG)；三氯杀
螨醇、甲氰菊酯、氯氰菊酯(包含 4 种异构体)、联苯
菊酯等 4 种农药标准品购于农业部环境保护科研监测
所。标准样品纯度均高于 9 9 %。上述农药标准用正己
烷配成10μg/ml的混合标准储备液；使用时用正己烷稀
释至合适浓度。
第II类农药标准：三唑磷(99.0%)    Chemservice公
司；甲胺磷(99.3%)、乙酰甲胺磷(97.2%) R&H 公司
(Laborchemikalien GmbH & Co. KG)；乐果(95.0%)、
甲基对硫磷(99.0%)、水胺硫磷(98.0%)、伏杀硫磷
(94.0%)、亚胺硫磷(96.0%)    军事医学科学院；敌敌
畏、氧乐果、久效磷、二嗪磷、杀螟硫磷、马拉硫
磷、倍硫磷、对硫磷、喹硫磷、杀朴磷、乙硫磷等














流出)；毛细管分离柱(第I 类：HP-35，30m × 0.32mm
× 0.25μm；第II类：HP-5，30m× 0.32mm× 0.25μm)；
进样口(第I 类：250℃；第II 类：230℃)；检测器(第




准的色谱图如图 1 、图 2 所示。
2 结果与分析
2.1 样品中目标物的提取、净化
第I类 (Group I) 第II类 (Group II)
制样                                                                                              食品粉碎机磨碎备用
提取 0.5g茶叶样品于50ml具塞锥形瓶中，45℃恒温震荡时间分别为45min(第 I类农药)、30min(第II类农药)
提取液：2.0ml正己烷－丙酮(97.5:2.5,V/V) 提取液：2.0ml乙酸乙酯－正己烷(1:1, V/V)
层析柱(70mm × 5mm) 约30mg活性炭(上层)+ 约300mg氟罗里硅土(下层) 约40mg 活性炭
净化 淋洗液：石油醚-乙酸乙酯(7:3,V/V)；5.0ml预淋洗 淋洗液：乙酸乙酯－正己烷(6:1, V/V)；3.0ml预淋洗
层析柱、25.0ml 淋洗目标物 层析柱、10.0ml 淋洗目标物
浓缩 Turbo Vap II样品快速浓缩工作站浓缩近干
定容 正己烷定容至1.0ml 丙酮定容至1.0mol/L
表1　  两类农药残留测定预处理过程


















































































醇；6.硫丹-I；7.p, p'-DDE；8.硫丹-II；9.p, p'-DDD；10.o, p'-DDT；
11.p, p'-DDT；12.联苯菊酯；13.甲氰菊酯；14.氟氯氰菊酯；15.氯氰
菊酯；16.氰戊菊酯；17.溴氰菊酯。
图1   第 I组农药混合标准色谱图(A)；茶叶样品色谱图(B)和添加混合
标准的茶叶样品色谱图(C)
Fig.1     Chromatogram of pesticides standards(A), tea sample(B)

























α-BHC (α-六六六) 0.02 4.80
β-BHC (β-六六六) 0.02 5.20
γ-BHC (γ-六六六) 0.02 3.50
δ-BHC (δ-六六六) 0.02 7.40
第 Dicofol (三氯杀螨醇) 0.1 5.10
I p,p'-DDE (滴滴依) 0.02 4.40
组 Endosulfan(硫丹) 0.1 4.20
p,p'-DDD (滴滴滴) 0.02 5.80
o,p'-DDT (邻、对－滴滴涕) 0.02 4.90
p,p'-DDT (对、对－滴滴涕) 0.02 3.90
Bifenthrin (联苯菊酯) 0.1 3.40
Fenpropathin (甲氰菊酯) 0.1 4.20
Cyfluthrin (氟氯氰菊酯) 0.1 6.10
Cypermethrin (氯氰菊酯) 0.1 5.30
Fenvalerate (氰戊菊酯) 0.1 5.30






第 Diazinon(二嗪磷) 0.1 2.80
I Parathionmethyl(甲基对硫磷) 0.1 2.20









表2    方法精密度






















1- 甲胺磷；2- 乙酰甲胺磷；3- 氧乐果；4- 久效磷；5- 乐果；6- 二嗪
磷；7- 甲基对硫磷；8- 杀螟硫磷；9- 马拉硫磷；10- 对硫磷；11- 水




Fig.2      Chromatogram of pesticides standards(A), Tea sample(B)





























农药组分 标准加入浓度(μg/ml) 线性回归曲线 线性相关系数(R2) 回收率(%)
α-BHC (α-六六六) Y＝ 9.27X－0.024 0.9991 100.80
β-BHC (β-六六六) Y＝ 7.74X＋0.070 0.9969 100.40
γ-BHC (γ-六六六) Y＝10.23X－0.031 0.9994 100.50
δ-BHC (δ-六六六) 0.0、0.005、0.01、0.015、0.02、 Y＝ 9.12X＋0.002 0.9963 101.40
p,p'-DDD (滴滴滴) 0.03、0.04、0.1、0.2 Y＝ 8.15X＋0.080 0.9969 102.80
o,p'-DDT (邻、对－滴滴涕) Y＝58.20X＋0.260 0.9948 95.70
p,p'-DDT (对、对－滴滴涕) Y＝97.70X－0.561 0.9973 92.70
p,p'-DDE (滴滴依) Y＝ 9.07X＋1.111 0.9978 96.90
Dicofol (三氯杀螨醇) Y＝ 9.62X＋0.248 0.9914 98.20
Endosulfan(硫丹) Y＝ 9.69X＋0.037 0.9985 101.30
第I组 Bifenthrin (联苯菊酯) 0.0、0.025、0.05、0.075、0.1、 Y＝ 8.33X＋0.262 0.9934 99.90
Fenpropathin (甲氰菊酯) 0.15、0.2、0.5、1.0 Y＝ 8.93X＋0.709 0.9965 100.80
Cyfluthrin (氟氯氰菊酯) Y＝13.30X－0.086 0.9962 98.10
Cypermethrin (氯氰菊酯) Y＝ 9.67X＋0.128 0.9959 102.30
Fenvalerate (氰戊菊酯) Y＝13.06X－0.129 0.9898 102.90
Deltamethrin (溴氰菊酯) Y＝10.99X＋0.021 0.9958 100.80
Methamidophos(甲胺磷) Y＝1721.2X－6.48 0.9979 112.40
Acepate(乙酰甲胺磷) Y＝2483.0X＋42.05 0.9917 106.80
Omethoate(氧乐果) Y＝1588.5X－2.94 0.9893 100.10
Monocrotophos(久效磷) Y＝1632.8X－8.47 0.9954 104.90
Dimethoate(乐果) Y＝3244.5X－7.40 0.9988 109.10
Diazinon(二嗪磷) Y＝2661.3X－7.59 0.9999 99.20





Malathion(马拉硫磷) Y＝2455.1X－4.24 0.9996 101.30
Parathion(对硫磷) 0.15、0.2、0.5、1.0 Y＝3659.1X－9.65 0.9994 102.30
Isocarbophos(水胺硫磷) Y＝2885.2X－3.17 0.9998 105.90
Quinalpos(喹硫磷) Y＝2611.9X－8.19 0.9997 101.20
Ethion(乙硫磷) Y＝3575.9X－2.81 0.9995 97.20
Triazophos(三唑磷) Y＝963.9X＋1.42 0.9979 106.70
Phosmet(亚胺硫磷) Y＝1786.5X－18.17 0.9992 95.80
Phosalone(伏杀硫磷) Y＝1608.1X＋2.84 0.998 101.60
表3    标准加入回收实验









瓶中，分别加入第 I、第 II 类农药标准品，再加入第
I、第 II 类的混合提取液，提取液体积为 2.0ml、标
准加入浓度如表3 示。按 2.1、2.2 所述的步骤进行提
取、净化、测定，得第 I 、第 I I 类农药的标准加入
回收结果(表 3)。实验结果表明，第 I 类农药标准加入






















No. 1 No. 2 No. 3 No. 4 No. 5
α -BHC (α-六六六) N D N D 104 101.2 N D
β -BHC (β -六六六) 9.6 10.8 14.4 12 120.8
γ -BHC (γ -六六六) N D N D N D N D N D
δ -BHC (δ -六六六) N D N D 14.8 13.2 1.6
Dicofol (三氯杀螨醇) 54 49.2 9088.4 8972.4 12644
p,p'-DDE (滴滴依) 55.2 54.41 654.8 1582 796
Endosulfan(硫丹) 23.2 22.8 211.2 206 385.6
第I组
p,p'-DDD (滴滴滴) 46.8 46.8 1562 1520.4 2783.6
o,p'-DDT (邻、对-滴滴涕) 13.2 14 10.4 23.2 33.2
p,p'-DDT (对、对-滴滴涕) 63.6 63.2 242 275.2 566
Bifenthrin (联苯菊酯) 62 61.6 2911.6 2817.2 192
Fenpropathin (甲氰菊酯) 222 227.6 1486.4 1510.4 251.6
Cyfluthrin (氟氯氰菊酯) 99.6 108 1048 1084 31.6
Cypermethrin (氯氰菊酯) 30.8 32 4116 4321.2 1113.2
Fenvalerate (氰戊菊酯) 68 64.8 340.8 402 262
Deltamethrin (溴氰菊酯) 132.4 137.2 447.6 460 185.2
Methamidophos(甲胺磷) 324.02 439.43 537.85 809.89 3.39
Dichlorvos(敌敌畏) 89.15 N D N D N D N D
Acepate(乙酰甲胺磷) 57.53 120.96 67.12 N D 192.42
Omethoate(氧乐果) 161.28 8.71 83.91 131.08 104.13
Monocrotophos(久效磷) N D 434.03 305.2 N D 239.47
Dimethoate(乐果) 562.89 370.99 N D 256.02 960.89
Diazinon(二嗪磷) N D 77.41 N D N D N D
Parathionmethyl(甲基对硫磷) N D 105.36 1030.63 283.59 N D
Fenitrothion(杀螟硫磷) N D N D N D 69.24 N D
第II组 Malathion(马拉硫磷) N D N D N D 152.26 77.67
Baythion(倍硫磷) N D N D 79.43 N D N D
Parathion(对硫磷) N D N D N D N D N D
Isocarbophos(水胺硫磷) 178.73 N D N D N D 282
Quinalpos(喹硫磷) N D N D N D N D 67.81
Methidathion(杀朴磷) N D 54.3 N D 75.89 70.21
Ethion(乙硫磷) N D 27.4 15.27 N D 38.1
Triazophos(三唑磷) 71.72 47.65 92.94 64.1 24.59
Phosmet(亚胺硫磷) 133.07 136.48 79.59 N D 90.46
Phosalone(伏杀硫磷) N D N D N D 61.79 N D
表5　  茶叶样品中农药残留检测结果(μg/k干重)















433※分析检测 食品科学 2007, Vol. 28, No. 11
农药组分 定量检出下限LOD (μg/kg干重)
α -BHC (α -六六六) 0.1
β-BHC (β -六六六) 0.1
γ-BHC (γ -六六六) 0.1































表4  方法的定量检出下限(3 σ)
Table 4     Limits of detection for developed method (3 σ)
的前提下，缩短了多组分农药残留分析的时间。
参考文献：　
[1] CASTRO J, SANCHEZ-BRUNETE C, TADEO J L. Multiresidue
analysis of insecticides in soil by gas chromatography with electron-
capture detection and confirmation by gas chromatography-mass
spectrometry[J]. Journal of Chromatography A, 2001, 918(2): 371-380.
[2] AHMADI F, ASSADI Y, MILANI-HOSSEINI S M R, et al. Determi-
nation of organophosphorus pesticides in water samples by single drop
microextraction and gas chromatography-flame photometric detector[J].
Journal of Chromatography A, 2006, 1101(1/2): 307-312.
[3] BAI Yan-hong, ZHOU Ling, WANG Jiang. Organophosphorus pesti-
cide residues in market foods in Shaanxi area, China[J]. Food Chemistry,
2006, 98(2): 240-242.
[4] THURBIDE K B, COOKE B W, AUE W A. Novel flame photometric
detector for gas chromatography based on counter-current gas flows[J].
Journal of Chromatography A, 2004, 1029(1/2): 193-203.
[5] BALLESTEROS E, PARRADO M J. Continuous solid-phase extrac-
tion and gas chromatographic determination of organophosphorus pesti-
cides in natural and drinking waters[J]. Journal of Chromatography A,
2004, 1029(1/2): 267-273.
[6] RASTRELLI L, TOTARO K, SIMONE F D. Determination of organo-
phosphorus pesticide residues in Cilento (Campania, Italy) virgin olive
oil by capillary gas chromatography[J]. Food Chemistry, 2002, 79(3):
303-305.
[7] JEANNOT R, SABIK H, SAUVARD E, et al. Application of liquid
chromatography with mass spectrometry combined with photodiode
array detection and tandem mass spectrometry for monitoring pesticides
in surface waters[J]. Journal of Chromatography A, 2000, 879(1): 51-71.
[8] ROSALES-CONRADO N, LEON-GONZALEZ M E, PEREZ-
ARRIBAS L V, et al. Effect of temperature on the separation of
chlorophenoxy acids and carbamates by capillary high-performance liq-
uid chromatography and UV (or diode array) detection[J]. Journal of
Chromatography A, 2005(1): 114-121.
[9]  NUNES G S, MARCO M P, RIBEIRO M I, et al. Validation of an
immunoassay method for the determination of traces of carbaryl in veg-
etable and fruit extracts by liquid chromatography with photodiode array
and mass spectrometric detection[J]. Journal of Chromatography A,
1998, 823(1-2): 109-120.
[10] HAIB J, HOFER I, RENAUD J M. Analysis of multiple pesticide
residues in tobacco using pressurized liquid extraction, automated solid-
phase extraction clean-up and gas chromatography-tandem mass
spectrometry[J]. Journal of Chromatography A, 2003, 1020(2): 173-187.
[11] LAMBROPOULOU D A, ALBANIS T A. Headspace solid-phase
microextraction in combination with gas chromatography-mass spec-
trometry for the rapid screening of organophosphorus insecticide residues
in strawberries and cherries[J]. Journal of Chromatography A, 2003, 993
(1-2): 197-203.
[12] ZUIN V G, YARIWAKE J H, BICCHI C. Fast supercritical fluid extrac-
tion and high-resolution gas chromatography with electron-capture and
flame photometric detection for multiresidue screening of organochlorine
and organophosphorus pesticides in Brazil's medicinal plants[J]. Journal
of Chromatography A,  2003, 985(1-2): 159-166.
[13] GUARDIA-RUBIO M, CORDOVA M L F, AYORA-CANADA M J, et
al. Simplified pesticide multiresidue analysis in virgin olive oil by gas
chromatography with thermoionic specific, electron-capture and mass



















     2007, Vol. 28, No.11 食品科学 ※分析检测434
[14] MOL H G J, DAM R C J V, STEIJGER O M. Determination of polar
organophosphorus pesticides in vegetables and fruits using liquid chro-
matography with tandem mass spectrometry: selection of extraction
solvent[J]. Journal of Chromatography A, 2003, 1015(1/2): 119-127.
[15] Request for comments on the first draft of provisional maximum residue
limits for agricultural chemicals in food[M/OL] http://www.mhlw.go.
jp/english/topics/mrls/final/mrls.html.
[16] 中华人民共和国农业部行业标准. NY/T761－2004. 蔬菜和水果中
有机磷、有机氯、拟除虫菊酯和氨基甲酸酯类农药多残留检测方
法[S].
[17] RODHORNIAK L V, NEGRON J F, GRIFFITH F D. Gas chromatog-
raphy with pulsed flame photometric detection multiresidue method for
organophosphate pesticide and metabolite residues at the parts-per-
billion level in representative commodities of fruit and vegetable crop
groups[J]. Journal of AOAC International, 2001, 84(3): 873-890.
[18] COKK J, BCCKETT M P, RELIFORD B, et al. Multiresidue analysis
of pesticides in fresh fruits and vegetables using procedures developed by
the florida department of agriculture and consumer services[J]. Journal of
AOAC International, 1999, 82(6): 1261-1642.
[19] G PAGLIUCA, GAZZOTTI T, ZIRONI E, et al. Residue analysis of
organophosphorus pesticides in animal matrices by dual column capil-
lary gas chromatography with nitrogen-phosphorus detection[J]. Journal
of Chromatography A, 2005, 1071(1-2): 67-70.
[20] MUNOZ J A, GONZALEZ E F, GARCIA-AYUSO L E, et al. A new
approach to qualitative analysis of organophosphorus pesticide residues
in cucumber using a double gas chromatographic system: GC-pulsed-
flame photometry and retention time locking GC-mass spectrometry[J].
Talanta, 2003, 60(2-3): 433-447.
[21] JOVER E, BAYONA J M. Trace level determination of organochlorine,
organophosphorus and pyrethroid pesticides in lanolin using gel perme-
ation chromatography followed by dual gas chromatography and gas
chromatography-negative chemical ionization mass spectrometric
confirmation[J]. Journal of Chromatography A, 2002, 950(1-2): 213-
220.
[22] 龚勇, 秦冬梅. 气相色谱多柱双检测器系统在农药多残留分析中的
应用[J]. 农药科学与管理, 2000, 21(3): 9-16.
[23] 易军, 李云春, 弓振斌. 茶叶中多种农药残留的气相色谱法测定[J].
厦门大学学报: 自然科学版, 2002, 41(3): 334-339.
[24] 叶江雷, 弓振斌, 沈爱斯. 茶叶中9种农药残留的毛细管气相色谱法
测定[J]. 分析仪器, 2005, 144(2): 20-23.
[25] YE Jiang-Lei, GONG Zhen-bin. A rapid procedure for quantitative deter-
mination of buprofezin and 8-organophosphorus pesticide residuesin
Chinese tea by capillary gas chromatography[C] ∥第二届上海国际分
析化学研讨会, 2004.
[26] 温裕云, 弓振斌, 姚剑敏. 柱后光化学反应荧光检测高效液相色谱
法测定茶叶中的五种菊酯类农药残留[J]. 分析化学, 2005, 33(3): 301-
304.
[27] 张水坝, 易军, 叶江雷, 等. 气相色谱法测定茶叶中的噻嗪酮、甲
胺磷、乙酰甲胺磷及三唑磷残留[J]. 色谱, 2004, 22(2): 154-157.
[28] Agilent Technologies. Agilent ChemStation 了解您的化学工作站













藻基因组的认识不到全部序列的 2 %，而最新的研究已经将这一数字提高到了 9 5 %。同时，新的研究表明，衣藻






为 6 2 % 。
研究发现，大部分与植物光合作用相关的基因在衣藻中都能找到，这证实了衣藻的光合作用机制与植物十分相
似的认识。藉此，研究人员还确定了为衣藻、开花植物以及其他藻类所共有、却不存在于非光合作用生物体内的
蛋白家族。
此外，新的研究还确定了与衣藻鞭毛(flagella)相关的蛋白，这有望加深科学家对人类大脑等部位的纤毛(cilia，
细小的细胞器，用于提供移动力或者感知周围环境，是人类实现大脑功能和新陈代谢所必需的)的理解和认识，并
为纤毛缺损导致的人类疾病研究开辟新的途径。
